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DSSOLFDWLRQ SDFNDJHV $W WKH OHDUQLQJ VWDJH XVXDOO\ DW WKH PDVWHU¶V OHYHO WKH\ PLJKW UHFHLYH WKLV
H[SHULHQFHLQWKHFRPSXWDWLRQDOHQYLURQPHQWDQGWKURXJKWKHXVHRIWKHVRIWZDUHRIDUHODWHGVFLHQWLILF
JURXSWHDPDQGSDUWQHUV$VDUXOHVWXGHQWVOHDUQDERXWVFLHQWLILFUHVXOWVDQGWKHUHODWHGVRIWZDUHRI
RWKHUJURXSV WKURXJKVFLHQWLILFSDSHUVDQGRFFDVLRQDOO\ WKH\DFTXLUHUHODWHGVNLOOV LQXVLQJVRIWZDUH





$W WKH SUHVHQW WLPH HGXFDWLRQ VRFLHWLHV KDYH D ODUJH QXPEHU RI VWDQGDUGV PHWKRGRORJLHV DQG
WHFKQRORJLHV HJ5HXVDEOH/HDUQLQJ2EMHFW >@/HDUQLQJ7RROV ,QWHURSHUDELOLW\ /7, >@ 7KHVH












&RQWHPSRUDU\ VFLHQWLILF VRFLHWLHV RIIHU D ZLGH FKRLFH RI PHWKRGV DQG LQVWUXPHQWV IRU HIIHFWLYH
VFLHQWLILF FROODERUDWLRQ IURP WKH H[FKDQJH RI VFLHQWLILF SDSHUV VSHFLDO VRFLDO QHWZRUNV   WR WKH
DSSOLFDWLRQRIVWDQGDUGDQGDGYDQFHGFORXGPRGHOVDQGWKHZRUNIORZ:)SDUDGLJPDQGWKHUHVHDUFK






ZLWK WKH H[SHULHQFH RI UHDOOLIH FRPSOH[ SURFHVVHV¶ VLPXODWLRQ ZLWK WKH XVH RI WKH ODWHVW VFLHQWLILF
VHUYLFHVDQGZLWKPLQLPDOHIIRUWWRPDVWHUWKHP
:HKDYHWKHIROORZLQJTXHVWLRQVXQGHUFRQVLGHUDWLRQ
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LQGLIIHUHQWPRGHV DVZHOO DVDQHOHPHQWDU\REMHFWDVDQREMHFWZLWKFKDQJHDEOHVWUXFWXUH IRU  WKH






7KLV SDSHU GHVFULEHV RXU DSSURDFK WR VLPSOLI\LQJ WKH LPSOHPHQWDWLRQ RI VFLHQWLILF UHVXOWV LQ WKH











VFLHQWLVWV WHDFKHUV DQG VWXGHQWV ZLWK D JUDSKLFDO OLEUDU\ DQG WRROV LQ RUGHU WR GHVLJQ DQG DSSO\
YLVXDOL]DWLRQWRROVTXLFNO\DQGWKURXJKWKHZHELQWHUIDFHRQO\$SDUWIURPWKDWZHDUHUHTXLUHGWRDGG
IHDWXUHVLQWR&/$9,5(¶VLQWHUIDFHVDQGVHUYLFHVWRSURYLGHVWXGHQWVDQGWHDFKHUVZLWKWKHDELOLW\
WRZRUNZLWKVFLHQWLILF WH[WPDWHULDOVDQGVXSSRUW LQ OHDUQLQJPDQDJHPHQWV\VWHPV/06VHJ
0RRGOH
The web-based tool called “Package Manager” (PM)ZDVGHYHORSHG WR IDFLOLWDWH WKHSURFHVVRI





GHILQHG LQ WKH SDFNDJHGHVFULSWLRQ >@7KLVRSWLRQDOORZVRZQHUV WRSUHVHQW WKHLU SDFNDJHV LQ WKH








The C++-based library for the rapid development of visualization tools RIIHUV D ³EDVHBGHPR´
WHPSODWHWREHFKDQJHGLQRUGHUWREXLOGFXVWRPL]HGGRPDLQVSHFLILFYLVXDOL]DWLRQWRROV7KLVWHPSODWH
FRQWDLQVWKHIRXUDEVWUDFWPHWKRGV>@WKDWSURYLGHXVHUVZLWKWKHDELOLW\WREXLOGSUHSDUHGG\QDPLF
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W\SHV VXFK DV DQDJO\SKV DQG SRODUL]DWLRQ7KHVH SURSHUWLHV DOORZ XV WR VWXG\ VXFK IHDWXUHV RI D
FRPSOH[V\VWHPWKDWDUHQRWVHHQRQDSODQH'SLFWXUH





FRPSXWHU LQWHUDFWLRQ WRROV VXFK DV WRXFKWDEOHV RU 0LFURVRIW .LQHFW WKXV HQDEOLQJ DGGLWLRQDO
IXQFWLRQDOLWLHVWREHDGGHGWRWKHXVHUVKHOO4
7KH)XVLRQ(QJLQHZDVVXFFHVVIXOO\DSSOLHGLQWKHGHVLJQRIDKLJKO\UHDOLVWLFYLUWXDOHQYLURQPHQW








,Q RUGHU WR SURYLGH VWXGHQWV DQG WHDFKHUVZLWK WKH DELOLW\ WRZRUNZLWK VFLHQWLILF WH[W PDWHULDOV
VFLHQWLILFSDSHUVUHSRUWVSURJUDPGRFXPHQWDWLRQVDQGVRRQZHKDYHGHYHORSHGan extension for the 
Ginger interface WKHEDVLF LQWHUIDFH IRUZRUNLQJZLWK VFLHQWLILF:)V >@ZKLFK VKRZVSGI ILOHV
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,Q RUGHU WR IDFLOLWDWH WHDFKHUV¶ HIIRUWV WR GHVLJQ D FRXUVH LQFOXGLQJ WKH FUHDWLRQ RI D VXSSRUWLQJ
VWUXFWXUHDQGWKHGHYHORSPHQWRIDVHWRI9//VZHXVHWKH962FRQFHSWEDVHGRQDPRGHORIVHPDQWLF











/LQNVEHWZHHQDFRXUVH¶V WRSLFV VXEWRSLFVRUHOHPHQWV DQGH[HFXWDEOHVHUYLFHV VKRZ WKHGLUHFW
DFFHVV RI OHDUQLQJ UHVRXUFHV WR FORXG VHUYLFHV GHFODUHG E\ WKH JURXSV RI VFLHQWLVWV 6LQFH VFLHQWLILF
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$YLUWXDO OHDUQLQJODE LVEDVHGRQD:)ZKLFKLV IRUPHGE\VFLHQWLVWVHLWKHUZLWK WKHXVHRI WKH
*LQJHULQWHUIDFHRUWKURXJKWKHLQWHUIDFHVIRUD962¶VGHVLJQWKH962FRQVWUXFWRUDQGWKH962HGLWRU









:KHQ WKH VWUXFWXUH RI WKH FRXUVH DQG WKH 9//¶V GHVLJQ DUH FRPSOHWHG WKH SUHSDUDWLRQ RI WH[W
PDWHULDOV IRU OHFWXUHV DQG FDVH VWXGLHV LQFOXGLQJ VHPLQDUV DQG ODEV LV UHTXLUHG *HQHUDOO\ HDFK
VFLHQWLILF UHVXOW LQFOXGLQJ DSSOLFDWLRQ SDFNDJHV LV DFFRPSDQLHGZLWK WH[W PDWHULDOV UHSRUWV SDSHUV
VRIWZDUH GRFXPHQWDWLRQ DQG VR RQ ,Q SDSHU >@ WKH SULQFLSOHV RI UDSLG FRPSRVLWLRQ RI OHDUQLQJ
PDWHULDOVEDVHGRQFRPPRQIRUPDWVIRUUHSUHVHQWLQJWKHUHVXOWVRIVFLHQWLILFUHVHDUFKHVZHUHSUHVHQWHG




















SDFNDJHRZQHUVRU WHDFKHUVH[SHUWVFKHFNWKHUHFHLYHG FORXGVHUYLFHV WKURXJKWKH32,7KHQ WKH\
LQVWDOOKLJKO\UHDOLVWLFYLVXDOL]DWLRQWRROVLQFOXGLQJWRROVEDVHGRQWKH&EDVHGOLEUDU\DQGWKH)XVLRQ
HQJLQHGHVFULEHGLQ6HFWLRQRQWKH3&RUVHUYHUDQGFRQQHFWLWWRWKH9&767KHRSSRUWXQLW\IRU
TXLFN DQG VLPSOH VKDULQJ DQG GHYHORSPHQW RI DSSOLFDWLRQ SDFNDJHV DQG YLVXDOL]DWLRQ WRROV ZHUH
H[DPLQHGGXULQJWKHH[HFXWLRQRISURMHFWVGHVFULEHGLQ>@
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WKH GHVFULSWLRQV RI FORXG VHUYLFHV DQG LQIRUP WKH PHPEHUV RI HGXFDWLRQDO VRFLHWLHV LI QHFHVVDU\
*HQHUDOO\WKHZRUNIORZVZKLFKFRQWDLQUHODWHGFDOOVRIFORXGVHUYLFHVGRQRWUHTXLUHPRGLILFDWLRQV






962V ³3DVVHQJHUV´ ³5RXWHV RQ 9DVLO¶HYVNL\ ,VODQG´ DQG ³7LPHWDEOH´ >@ FDQ WRXFK XSRQ WKH
VFLHQWLILF DUHDVRI ³*UDSK7KHRU\´ ³3DUDOOHO3URJUDPPLQJ7HFKQRORJ\´ ³2SHUDWLRQ5HVHDUFK´ DQG
RWKHUV,QWKLVZRUNZHRIIHUDV\QWKHWLFFRXUVHEDVHGRQVRPHFRPSOHWHGFRPSOH[UHVHDUFKHVLQWKH
DSSOLFDWLRQDUHDVZKHUHPHWKRGVDQGWHFKQRORJLHVRI&6ZHUHXVHG7KHFRXUVHXQGHUFRQVLGHUDWLRQLV
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DSSOLFDWLRQ SDFNDJHV 962V DQG 962V¶ SURMHFWV WKDW ZHUH LQWHJUDWHG DQG LPSOHPHQWHG LQ WKH
&/$9,5(SODWIRUP7KHOLVWRIVHPLQDUVDQGSDUWRIVRXUFHVDSSOLFDWLRQSDFNDJHV962VVFLHQWLILF
SDSHUVWKHVHVDQGVRRQRIWKHILUVWSDUWRIWKH³SRRO´DUHVKRZQEHORZ
 'LVWULEXWHG SURFHVV VFKHGXOLQJ WR H[HFXWH FRPSRVLWH DSSOLFDWLRQ LQ KLHUDUFKLFDO FORXG




t_merger &RPSOH[ 1HWZRUN 6WDWLVWLFV SDFNDJH ± statnet ,QIRUPDWLRQ 6SUHDG 6LPXODWLRQ
SDFNDJH±ISMSources:>@
 0HWKRGVRIGHVLJQDQGDSSOLFDWLRQRISHUIRUPDQFHPRGHOVRIFORXGVHUYLFHVPackages:t_qsort



















VXEMHFW RI WKH FRXUVH LV RSHQ DQG IOH[LEOH WR DOWHUDWLRQV DQG WKHUHIRUH FDQQRW EHQDUURZHGGRZQ WR
VHSDUDWHGFRPSRQHQWVRIWKHFRXUVH





GLVFRYHU\RI UHTXLUHG WKHRUHWLFDOPDWHULDOV DQGQRYHO WHFKQLFDO VROXWLRQV WR LPSURYH WKHSDUWVRI WKH
FRXUVHGHGLFDWHGWRVHPLQDUVDQGFDVHVWXGLHV
6XPPDUL]LQJ DOO RI WKH DERYH ZH DUH RIIHULQJ SRVVLEOH VWHSV RI FRXUVH GHVLJQ LQ WKH DUHD RI
FRPSXWDWLRQDOVFLHQFHE\DSSO\LQJWKHDSSURDFKSUHVHQWHGLQWKLVZRUNLQFRPELQDWLRQZLWKDWRRONLW
EDVHGRQWKH&/$9,5(FORXGSODWIRUP
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&/$9,5(FORXGSODWIRUP WRSURYLGHPHPEHUVRIVFLHQWLILF VRFLHWLHVZLWK LQVWUXPHQWV WRVKDUH WKHLU
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